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imagery	 abnormalities	 (abnormalities	 in	 cognitive	 stages	 and	 subjective	 domains)	
occur	in	BD	relative	to	non-	clinical	controls;	and	(ii)	to	determine	the	specificity	of	any	
abnormalities	in	BD	relative	to	depression	and	anxiety	disorders.





a	 phenomenological	 interview	 assessed	 subjective	 domains	 including	 spontaneous	
	imagery	use,	interpretation	bias,	and	emotional	mental	imagery.
Results: (i)	 Compared	 to	 non-	clinical	 controls,	 the	 BD	 combined	 group	 reported	 a	
greater	impact	of	intrusive	prospective	imagery	in	daily	life,	more	vivid	and	“real”	nega-








specific	 to	 BD—rather,	 imagery	may	 reflect	 a	 transdiagnostic	marker	 of	 emotional	
psychopathology.
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1  | INTRODUCTION
Mental	 imagery	 comprises	 the	 experience	 of	 seeing	 in	 the	 “mind’s	
eye,”	now	regarded	as	“a	weak	form	of	perception”.1	No	wonder	that	
negative	mental	 images	 generate	 strong	 emotions,	 indeed	 stronger	
than	does	thinking	in	verbal	language.2
Bipolar	 disorder	 (BD)	 is	 characterized	 by	 periods	 of	 heightened	





compared	to	non-	clinical	controls,7	 in	particular	higher	 trait	 imagery	
use	 and	 heightened	 impact	 of	 intrusive	 mental	 imagery	 of	 future	






BD	also	 reported	more	 frequent	 “flashforwards”	 to	 future	events	at	
times	of	positive	mood	than	did	people	with	unipolar	depression,	and	
rated	these	“flashforwards”	as	more	vivid,	exciting,	and	pleasurable.10






proposed	by	Kosslyn	 et	al.12	 concerning	 four	main	 stages	of	mental	
imagery:	 generation,	 maintenance,	 inspection	 and	 manipulation.	
Previous	 studies	have	 investigated	only	 selected	 stages	of	 imagery-	
related	 processing,	 with	 evidence	 of	 deficits	 in	 cognitive	 tasks	 of	























atology,	bipolar	phenotype	 traits,	affective	 lability	and	general	 func-
tioning	 levels	 predicted	 scores	 on	 mental	 imagery	 measures	 in	 the	
whole	 sample	 combined.	A	 range	 of	 tests	were	 used	 encompassing	
both	cognitive	stages	of	mental	imagery	and	assessment	of	subjective	
and	emotional	domains.





provided	written	 informed	consent	 (ethical	approval	 reference:	REC	
South	 Central	 11/SC/0182)	 and	 the	 Structured	 Clinical	 Interview	













DSM-	IV	 diagnosis.	 Exclusion	 criteria	 for	 all	 participants	were	 active	







for	 Depression	 [HAM-	D]20	 to	 indicate	 current	 depression;	 score	 of	
<8	on	the	HAM-	D	to	indicate	euthymia;	no	change	in	affective	state	










The	 final	 sample	 analyzed	 consisted	 of	 131	 participants,	 com-
prising	 individuals	with	BD	(depressed	[n=27]	and	euthymic	 [n=27]),	











Beck	 Anxiety	 Inventory	 (BAI).24	 The	Mood	 Disorder	 Questionnaire	









Fluency	 Test	with	 the	 letters	 F,	 A,	 S29	 and	 Forward	 and	 Backward	
Digit	Span	Task,30	respectively.
2.2.3 | Subjective domain of mental imagery
Spontaneous imagery use
The	spontaneous	use	of	mental	imagery	in	everyday	life	was	assessed	
via	 the	 Spontaneous	Use	 of	 Imagery	 Scale	 (SUIS)15	 and	 two	Visual	
Analogue	Scales	(VASs).7	The	SUIS	is	a	12-	item	self-	report	scale	meas-
uring	the	use	of	non-	emotional	mental	 imagery	 in	daily	 life	 (e.g.,	 If I 
am looking for new furniture in a store, I always visualize what the furni-






a 1 (not at all)	to	9	(all the time)	scale.
Imagery interpretation bias
The	 Ambiguous	 Scenarios	 Test	 (AST-	D)31	 and	 the	 Homograph	
Interpretation	Task	(HIT)32	were	used	to	measure	imagery	interpreta-
tion	bias.	The	AST-	D	comprises	24	ambiguous	scenarios,	which	par-
ticipants	were	asked	 to	 imagine	happening	 to	 them	personally	 (e.g.,	
1=You go to a wedding where you know very few other guests. After the 
party, you reflect on how the other guests behaved.),	and	then	rate	each	
image’s	 pleasantness	 from	 1	 (extremely unpleasant)	 to	 9	 (extremely 
pleasant)	and	vividness	 from	1	 (not at all vivid)	 to	7	 (extremely	vivid).	
The	 AST-	D	 has	 good	 internal	 consistency	 (α=0.82).31	 In	 the	 HIT,	
participants	 are	presented	with	 a	word	 and	 then	 asked	 to	 generate	








Emotional	mental	 imagery	was	 assessed	 using	 a	 Picture	Word	Cue	
(PW)	 task,33	 the	 Impact	 of	 Future	 Events	 Scale	 (IFES),34	 and	 the	




The	 PW	 task	 is	 a	 computer-	based	 task	 examining	 self-	reported	










On	 the	 IFES,	 participants	 were	 asked	 to	 identify	 three	 future	
events	 they	 had	 thought	 about/imagined	 over	 the	 past	 7	days	 and	
state	 whether	 each	 was	 positive	 or	 negative.	 Participants	 then	 re-










subscales	 of	 the	 PIT	 have	 demonstrated	 good	 internal	 consistency	
(0.83<α<0.90).36




mental	 image	 anchored	 to	 each	 affect	 state	 and	 rate	 characteristics	
of	the	 image	such	as	valence,	general	emotionality	of	the	 image	and	
intensity	of	one	specific	associated	emotion	per	each	affect	state	(i.e.,	
threatening,	demotivating	and	exciting).	They	are	 then	asked	 to	 rate	
overall	characteristics	of	mental	imagery	and	verbal	thoughts	for	each	
affect	state	 (anxious,	 low,	and	high)	such	as	frequency,	 realness,	and	
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compellingness.	All	ratings	use	nine-	point	Likert	scales,	with	higher	rat-
ings	indicating	more	frequent,	real	(etc.)	imagery	or	thoughts.
2.2.4 | Cognitive (non- emotional) stages of mental  
imagery
The	 following	 tasks	were	 administered	 to	 assess	 the	 four	 cognitive	
stages	of	mental	imagery.11
Imagery generation
The	 Image Generation Task	 (IGT)37	measures	 the	ability	 to	generate	a	
mental	image	based	on	previously	encountered	perceptual	information.	




















or	anticlockwise	until	 it	matched	their	memory	 for	 the	 remembered	
arrow	and	then	to	confirm	their	 response.	Visual	 feedback	was	pro-
vided	 immediately	 afterwards.	 The	 angular	 deviation	 between	 the	













to	 the	 participant	 for	 3	 s	 and	 then	 hidden,	 at	 which	 point	 partici-
pants	were	asked	to	reproduce	the	pattern	by	marking	squares	in	an	































puted	 based	 on:13,43	 the	 intercept	 index,	 representing	 the	 sensory/





The	 Creative	 Mental	 Synthesis	 (CMS)	 task45	 assesses	 partici-
pants’	ability	to	mentally	construct	a	recognizable	figure	from	three	
alpha-	numeric	 or	 geometric	 shapes	 (e.g.,	 rectangle,	 capital	 L,	 and	
horizontal	line).	Participants	were	shown	two	sets	of	example	men-
tal	constructions	and	then	completed	two	trials.	On	each	trial	three	




parameters:	 recognizability	 (of	zero,	one,	or	 two	of	 the	 two	trials),	
correspondence	(between	the	name	of	the	pattern	and	the	drawing	
on	a	1–5	scale),	creativity	(yes/no,	for	patterns	rated	at	 least	4	for	
correspondence),	wrong	 patterns	 (yes/no)	 and	 absence	 of	 pattern	
(yes/no).




clinical	 control	 participants	 on	measures	 of	 cognitive	 and	 subjective	
domains	of	mental	imagery.	To	test	for	between-	group	differences	on	
these	aspects	of	imagery	abnormalities,	55	statistical	tests	were	per-








also	allows	controlling	 for	 the	 impact	of	depressed	mood	on	mental	
imagery	abnormalities),	and	(ii-	b)	currently	depressed	participants	with	













outlined	 in	our	 aims	were	 analyzed	using	unpaired	 t	 tests	 if	 the	 re-
siduals	obtained	using	these	t	tests	achieved	normality	with	P-	values	












To	 explore	 the	 specificity	 of	 differences	 in	 mental	 imagery	 be-
tween	 diagnostic	 groups	 further,	 we	 computed	 correlations	 be-
tween	 the	 mental	 imagery	 variables	 that	 showed	 significant	 group	
differences	 in	 the	 initial	 comparison	 (BD	 group	 combined	 versus	
non-	clinical	controls)	and	clinical	variables	for	depression	(QIDS	and	
HAM-	D),	anxiety	 (BAI),	hypomanic	experiences	 (MDQ),	mood	 insta-
bility	 (ALS),	 and	 overall	 functioning	 (FAST).	 Pearson’s	 correlations	
were	used,	or	Kendall’s	tau,	where	inspection	of	scatterplots	did	not	
suggest	a	linear	relationship	(96	correlations	computed).	The	unique	





















Participants	 with	 BD	 (combined	 group)	 had	 a	 lower	 total	 score	
on	 the	 verbal	 fluency	 task	 (mean	 [M]=41.30,	 standard	 devia-
tion	 [SD]=10.56)	 compared	 to	 non-	clinical	 controls	 (M=48.85,	
SD=15.29);	t(78)=2.58,	P=.012,	d=0.62.	The	two	groups	did	not	dif-
fer	 in	 their	performance	on	the	digit	span	task:	digit	span	forward	







3.3 | Do individuals with BD show mental imagery 
abnormalities compared to non- clinical controls?
Scores	 on	 assessments	 of	 cognitive	 (non-	emotional)	 stages	 and	
subjective	 domains	 of	mental	 imagery	 of	 participants	with	 BD	 and	
non-	clinical	controls,	and	results	of	between-	group	comparisons	are	
summarized	 in	 Tables	2–4	 (all	 data	 referring	 to	 the	 BD	 combined	
group).
3.3.1 | Subjective domain of mental imagery
All	 results	 related	 to	 the	 subjective	 domain	 of	 mental	 imagery	 are	
	detailed	 in	 Table	3.	 Participants	with	BD	did	 not	 significantly	 differ	







T A B L E  1  Demographic	and	clinical	characteristics	of	participants
BD (euthymic)  
(n=27)










Age,	years,	mean	(SD) 40.41	(12.78) 40.44	(12.56) 44.31	(14.82) 37.60	(15.43) 41.50	(13.00)
Educational	level,	years,	mean	(SD) 17.11	(2.64) 17.07	(4.07) 17.27	(3.97) 16.52	(3.00) 17.46	(2.28)
Gender,	female,	n	(%) 17	(63.0) 17	(63.0) 18	(69.2) 19	(76.0) 16	(61.5)
Estimated	premorbid	IQ,	mean	(SD) 114.85	(7.96) 113.04	(9.19) 112.20	(11.50) 111.42	(9.44) 112.88	(10.75)
Ethnicity
White 26 25 17 21 24
Mixed 0 1 3 2 1
Asian	or	British	Asian 0 0 3 1 1
Chinese 1 1 3 0 0
Clinical characteristics
Bipolar	I	disorder,	n	(%) 17	(63.0) 14	(51.9) 0 0 0
Bipolar	II	disorder,	n	(%) 10	(37.0) 11	(40.7) 0 0 0
BP-	NOS,	n	(%) 0	(0.0) 2	(7.4) 0 0 0
No.	of	depressive	episodes,	mean	(SD) 19.05	(23.67) 22.76	(30.81) 4.81	(9.34) 14.15	(29.97) 0
Current	depression,	n	(%) 0 27	(100.0) 26	(100.0) 8	(32.0) 0
Current	anxiety	disorder,	n	(%)a 6	(22.2) 16	(59.3) 11	(42.3) 25	(100.0) 0
Medications, n
Antidepressants 8 8 7 9 0
Anxiolytics 2 3 0 2 0
Mood	stabilizers 19 13 0 0 0
Antipsychotics 14 10 1 0 0
History	of	Axis	I	disorders
Previous	depression,	n 27 25 22 17 0
Previous	anxiety,	n 9 11 7 11 0
Previous	other,	n 13 12 5 1 0
Age	at	illness	onset,	years,	mean	(SD) 21.30	(10.01) 16.81	(8.38) 26.75	(13.	10) 19.48	(13.18) n/a
Illness	duration,	years,	mean	(SD) 18.67	(11.93) 23.77	(15.44) 15.88	(16.17) 17.38	(15.46) n/a
Current clinical symptoms, mean (SD)
QIDS	score 4.37	(2.82) 13.22	(3.93) 15.50	(4.47) 11.32	(5.71) 2.04	(2.01)
HAM-	D	score 3.19	(2.18) 14.93	(4.59) 15.23	(4.99) 11.40	(7.05) 1.31	(1.49)
BAI	score 3.62	(3.74) 14.41	(9.01) 16.38	(10.33) 17.96	(9.06) 2.00	(2.87)
ASRM	score 2.96	(2.79) 1.59	(2.58) 1.28	(1.81) 1.88	(1.83) 0.88	(1.11)
YMRS	score 2.65	(2.38) 2.81	(3.71) 1.88	(1.93) 2.56	(1.89) 0.42	(0.86)
FAST	score 7.67	(6.74) 26.44	(11.92) 31.12	(14.53) 23.56	(16.29) 4.69	(9.44)
ALS	score 62.48	(33.56) 82.58	(24.54) 67.69	(26.40) 70.80	(32.59) 22.23	(19.62)
MDQ	score 14.41	(2.00) 13.07	(2.89) 7.88	(4.93) 6.04	(4.11) 2.46	(2.89)
ALS,	Affective	Lability	Scale;	ASRM,	Altman	Self-	Rating	Mania	scale;	BAI,	Beck	Anxiety	 Inventory;	BD,	bipolar	disorder;	BD-	NOS,	bipolar	disorder	not	










scored	 higher	 on	 the	 PW	 self-	involvement	 scale	 compared	 to	 non-	
clinical	 control	participants.	The	 two	groups	did	not	differ	 in	 any	of	
the	other	PW	task	scales.	Participants	with	BD	reported	a	stronger	im-
pact	of	emotional	prospective	imagery	on	the	IFES	compared	to	non-	






















indicating	no	 imagery	abnormalities	 in	 the	BD	group	 in	 terms	of	 im-
agery	generation	in	a	non-	emotional	cognitive	task.
Of	 the	 two	 imagery	maintenance	 tasks,	participants	with	BD	had	
a	higher	 recall	 rate	on	the	visual	STM	task	compared	to	those	 in	 the	
non-	clinical	control	group,	 indicating	that	participants	with	BD	in	this	
study	had	a	greater	 likelihood	of	 remembering	visual	 target	cues	 in	a	
T A B L E  2  Mean	differences	between	participants	with	bipolar	disorder	and	non-	clinical	control	participants	in	measures	relating	to	the	
cognitive	(non-	emotional)	stages	of	mental	imagery
Bipolar disorder Non- clinical controls
Mean (SD) (n=54) Mean (SD) (n=24) t Z df P- value d
Imagery generation
Imagery Generation Task (IGT)
IGT	RT	Simple	Letter 2026.48	(842.65) 1744.22	(662.54) — 1.04 — 0.30 0.36
IGT	RT	Complex	Letter 2175.07	(914.24) 1843.46	(568.48) 1.64 — 76 0.11 0.40
IGT	RT	Early 1964.54	(761.72) 1767.53	(575.63) 1.13 — 76 0.26 0.28
IGT	RT	Late	 2250.91	(1001.15) 1896.33	(602.24) 1.61 — 76 0.11 0.39
IGT	Percentage	Errors 4.40	(11.04) 3.39	(5.21) — 0.22 — 0.83 0.10
Imagery maintenance
Short- term Memory Task (STM)
STM	Memory	Precision 3.12	(3.93) 2.65	(0.83) — 0.41 — 0.68 0.14
STM Recall Rate 0.65	(0.21) 0.53	(0.19) 2.15 — 67 0.04* 0.58
Visual Pattern Task (VPT)
VPT	Accuracy 9.25	(1.67) 9.43	(1.76) 0.45 — 75 0.66 0.11
Imagery Inspection
Letter Corner Classification Task (LCC) 
LCC	Accuracy 5.30	(1.88) 5.11	(1.91) — 0.50 — 0.62 0.10
LCC	Time 14.50	(6.64) 13.02	(5.13) — 0.99 — 0.32 0.25
Imagery manipulation
Mental Rotation Task (MRT)
MRT	RT	Easy 3080.64	(722.74) 3015.35	(588.61) 0.39 — 73 0.70 0.10
MRT	RT	Medium 3389.18	(697.81) 3265.71	(588.76) 0.76 — 73 0.45 0.18
MRT	RT	Difficult 3510.54	(642.93) 3261.41	(602.33) 1.62 — 73 0.11 0.40
MRT	slope 214.81	(175.40) 133.04	(166.17) 1.94 — 73 0.06 0.47
MRT	intercept 2880.19	(810.89) 2933.09	(652.66) 0.28 — 73 0.78 0.07
MRT Percentage Errors 28.22	(14.54) 20.62	(10.85) 2.31 — 73 0.02* 0.57
RT,	reaction	time;	SD,	standard	deviation.	*P<0.05.























Participants	with	 BD	 did	 not	 differ	 from	non-	clinical	 controls	 in	
their	performance	on	the	CMS.	Over	the	two	trials	of	the	CMS,	there	
T A B L E  3  Mean	differences	between	participants	with	bipolar	disorder	and	non-	clinical	control	participants	on	measures	relating	to	
subjective	domains	of	mental	imagery
Bipolar disorder Non- clinical controls
Mean (SD) Mean (SD) t Z df P- value d
Spontaneous imagery use
Spontaneous Use of Imagery Scale (SUIS)
SUIS	mean	score 3.36	(0.81) 3.04	(0.65) 1.75 — 78 0.08 0.42
Visual	Analogue	Scales	(VASs)
VAS	Verbal 5.38	(2.21) 5.73	(1.80) — 0.62 — 0.53 0.17
VAS	Mental	Imagery 5.38	(2.11) 5.31	(1.49) — 0.39 — 0.70 0.04
Imagery interpretation bias
Ambiguous Scenarios Test (AST-D)
AST-	D	Pleasantness 4.83	(1.11) 5.17	(1.23) 1.23 — 78 0.22 0.30
AST-	D	Vividness 4.45	(1.38) 4.60	(1.37) 0.48 — 78 0.63 0.11
Homograph Interpretation Task (HIT)
HIT	no.	of	Positive	Homographs 4.91	(1.69) 5.62	(1.55) — 1.91 — 0.06 0.43
HIT	no.	of	Negative	Homographs 2.89	(1.69) 2.27	(1.51) — 1.60 — 0.11 0.38
HIT	Positive	Vividness 5.09	(1.30) 5.19	(1.16) — 0.26 — 0.79 0.08
HIT	Negative	Vividness 4.50	(1.94) 4.32	(2.04) — 0.44 — 0.66 0.09
Emotional mental imagery
Picture Word Task (PW)
Mental	Imagery 6.21	(1.68) 5.92	(1.81) 0.70 — 77 0.49 0.17
Verbal	 3.80	(1.97) 4.29	(2.34) 0.96 — 77 0.34 0.23
Memory 4.20	(1.45) 3.53	(1.47) 1.91 — 77 0.06 0.46
Emotion 4.77	(1.82) 4.53	(1.74) 0.55 — 77 0.59 0.13
Self-	involvement 4.44	(1.69) 3.58	(1.75) 2.10 — 77 0.04* 0.50
Impact of Future Events Scale (IFES)
IFES	Total	Score 29.87	(15.82) 17.42	(9.31) 4.36 — 73.83 <0.001* 0.89
Prospective Imagery Task (PIT)
PIT	Negative	Vividness 3.07	(0.92) 2.53	(0.86) 2.55 — 78 0.013 0.60
PIT	Negative	Likelihood 2.58	(0.67) 2.32	(0.66) 1.66 — 78 0.10 0.39
PIT	Negative	Experiencing 2.66	(0.91) 2.18	(0.90) 2.18 — 78 0.03* 0.53
PIT	Positive	Vividness 3.08	(0.91) 3.33	(0.72) 1.33 — 61.49 0.19 0.29
PIT	Positive	Likelihood 2.89	(0.91) 3.43	(0.69) 2.93 — 63.29 0.005* 0.64
PIT	Positive	Experiencing 2.59	(0.97) 2.87	(0.85) 1.23 — 78 0.22 0.30
SD,	standard	deviation.	*P<0.50.
     |  677SIMPLICIO et aL.




3.4 | Are mental imagery abnormalities specific to 
patients with BD?
Next	we	tested	the	specificity	of	findings	to	BD	compared	to	individu-
als	 with	 unipolar	 depression	 and	 individuals	 with	 anxiety	 disorders	
(see	the	section	‘Statistical	analysis’).





















Bipolar disorder Non- clinical controls
Mean (SD) Mean (SD) Z P- value d
Low mood
Imagery in daily life
Frequency 5.50	(2.36) 4.81	(2.38) 1.08 0.28 0.29
Real 6.67	(2.48) 6.32	(2.46) 0.75 0.46 0.14
Compelling 6.19	(2.67) 6.04	(2.44) 0.47 0.64 0.06
Verbal thoughts in daily life
Frequency 5.59	(2.29) 5.68	(2.25) 0.18 0.86 0.04
Real 6.76	(2.32) 6.92	(2.13) 0.11 0.92 0.07
Compelling 5.98	(2.54) 6.38	(1.79) 0.30 0.76 0.17
Anxious affect
Imagery in daily life
Frequency 5.78	(2.52) 4.48	(2.58) 2.08 0.04* 0.51
Real 7.08	(2.20) 5.96	(2.35) 2.41 0.02* 0.50
Compelling 6.42	(2.41) 5.72	(2.49) 1.38 0.17 0.29
Verbal thoughts in daily life
Frequency 5.54	(2.45) 5.19	(2.12) 0.66 0.51 0.15
Real 6.92	(2.18) 6.38	(2.26) 1.21 0.23 0.24
Compelling 6.28	(2.57) 5.96	(2.32) 0.88 0.38 0.13
High mood
Imagery in daily life
Frequency 6.37	(2.30) 5.81	(2.17) 1.18 0.24 0.25
Real 7.54	(1.73) 6.77	(1.80) 2.18 0.03* 0.44
Compelling 7.43	(1.77) 6.96	(1.80) 1.24 0.22 0.26
Verbal thoughts in daily life
Frequency 5.22	(2.78) 4.81	(2.59) 0.61 0.54 0.15
Real 6.43	(2.75) 6.52	(1.71) 0.83 0.41 0.04
Compelling 6.40	(2.63) 6.71	(1.68) 0.18 0.86 0.13
SD,	standard	deviation.	*P<0.50.












3.5 | Relation between mental imagery 
measures and depression, anxiety, BD phenotype, 








mental	 imagery	variables	and	 the	clinical	 variables,	we	conducted	a	
number	of	multiple	 regression	 analyses	 (see	 ‘Statistical	 analysis’),	 in	
which	 each	 imagery	 variable	was	predicted	by	 the	 clinical	 variables	
(Supplementary Table S2).	Only	those	 imagery	variables	that	showed	
significant	group	differences	in	the	comparison	between	participants	
with	 BD	 and	 non-	clinical	 control	 participants	 (reported	 in	 Table	2)	
were	included	in	these	analyses.
T A B L E  5  Example	of	significant	images	for	each	affect	state	(anxiety	and	low	and	high	mood)	for	participants	with	bipolar	disorder	and	
non-	clinical	controls	taken	from	the	Mental	Imagery	Interview	and	mean	emotional	ratings	of	the	significant	images
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3.5.2. | Subjective domains of mental imagery
BD phenotype
Across	 all	 groups,	 higher	 levels	 of	 hypomanic	 experiences	 (meas-






Across	 all	 groups,	 higher	 affective	 lability	 scores	 (measured	 on	 the	
ALS)	were	associated	with	greater	 impact	of	emotional	prospective	
imagery	 scores	 on	 the	 IFES	 [β=0.293,	 t(119)=3.43,	P=.001].	 Higher	
affective	 lability	 levels	 were	 also	 associated	with	 higher	 ratings	 on	
the	MII	of	how	negative	the	most	significant	 image	was	at	times	of	
low	mood	[β=−0.333,	t(112)=3.740,	P<.001],	and	how	frequently	par-
ticipants	were	 thinking	 in	mental	 images	 at	 times	 of	 anxious	 affect	






associated	 with	 greater	 impact	 of	 emotional	 prospective	 imagery	





Across	all	 groups,	 lower	depression	scores	 (measured	on	 the	QIDS)	
were	 associated	with	 higher	 likelihood	 ratings	 of	 positive	 imagined	
events	 to	 happen	 on	 the	 PIT	 [β=−0.431,	 t(125)	 =5.344,	 P<.001].	






imagery	scores	on	 the	 IFES	 [β=0.259,	 t(19)=2.64,	P=.009];	and	with	
how	real	mental	images	were	rated	at	times	of	anxious	affect	on	the	
MII	[β=0.244,	t(123)=2.792,	P=.006].
Clinical	 and	 functioning	variables	 across	 all	 groups	were	 not	 re-
lated	 to	 how	 real	mental	 images	were	 rated	 at	 times	 of	 high	mood	
[F(6,118)=0.96,	P=.46,	R2=.05].
4  | DISCUSSION






with	 clinical	 variables	 across	 diagnostic	 groups.	 Results	 show	 that,	
compared	to	non-	clinical	controls,	 individuals	with	BD	show	largely	
intact	 performance	 on	 experimental	 tasks	measuring	 the	 cognitive	
(non-	emotional)	 stages	of	mental	 imagery.	However,	 in	 the	subjec-
tive	domains	of	mental	 imagery,	compared	 to	non-	clinical	controls,	
individuals	with	BD	do	show	some	abnormalities	in	emotional	mental	
imagery:	namely,	a	greater	 impact	of	 intrusive	prospective	 imagery	
in	daily	life,	more	vivid	and	“real”	negative	images	on	a	prospective	
imagery	 task,	 and	 higher	 levels	 of	 self-	involvement	 in	 imagery	 on	
a	 picture−word	 task.	 Moreover,	 on	 a	 phenomenological	 interview	
about	 times	 of	 intense	 affect	 (anxious,	 depressed,	 or	 high),	 it	 was	
characteristics	 of	mental	 imagery,	 but	 not	 of	 verbal	 thoughts,	 that	
distinguished	individuals	with	BD	from	non-	clinical	controls.	Results	
further	 indicate	 that,	 when	 compared	 to	 clinical	 control	 groups	
matched	for	depression	and	anxiety,	abnormalities	in	emotional	men-
tal	 imagery	were	not	 specific	 to	BD	but	associated	with	 increasing	
psychopathology.









ing	 concurrent	 anxiety)	 represents	 a	 particularly	 challenging	 feature	
across	different	mental	disorders.
4.2 | Emotional mental imagery in BD
We	 replicated	 previous	 findings	 that	 individuals	with	BD	 (euthymic	
and	 depressed	 combined)	 experience	 a	 greater	 impact	 of	 intrusive	






ceived	 imagined	positive	events	as	 less	 likely	 to	occur	compared	 to	











Overall	 our	 BD	 sample	 reported	 imagery	 abnormalities	 particu-
larly	 for	prospective	 imagery	and	during	anxious	affect.	This	 is	 con-



















4.3 | Cognitive stages of mental imagery in BD
Finally,	and	novel	to	the	 literature	(as	called	for	by	Pearson	et	al.11),	
the	absence	of	major	dysfunctions	 in	 the	 cognitive	 (non-	emotional)	
stages	of	mental	imagery	suggests	that	there	are	no	deficits	in	the	abil-
ity	 to	generate,	manipulate,	and	recall	 images.	 Interestingly,	our	BD	
sample	also	showed	a	greater	likelihood	of	recalling	the	target	cues	in	
one	of	the	visual	short-	term	memory	tasks	compared	to	non-	clinical	
controls.	Thus,	 individuals	with	BD	appear	 to	have	an	overall	 intact	
functioning	or	even	an	“advantage”	in	this	aspect	of	imagery	process-




4.4. | Mental imagery abnormalities as a 
transdiagnostic phenomenon
Unlike	 previous	 studies	 comparing	 BD	 and	 unipolar	 depressed	 pa-
tients,8,10	 no	 differences	 emerged	 between	 our	 clinical	 groups	 in	








rated	 their	most	 significant	 image	 at	 times	 of	 high	mood	 as	more	
exciting	compared	to	participants	with	unipolar	depression.	This	may	
reflect	both	an	association	between	mania	and	positive	mental	im-
agery	 (even	 at	 times	 of	 depressed	mood)	 and	 a	 deficit	 in	 positive	
mental	 imagery	 in	 unipolar	 depression51,53,54.	 The	 finding	 is	 also	
consistent	 with	 recent	 neuroimaging	 evidence	 showing	 that	 par-
ticipants	with	BD	and	unipolar	depression	present	different	neural	
responses	 to	 positive	 stimuli	 only	 while	 depressed.55	We	 did	 not	
replicate	previous	evidence	of	negative	images	being	more	compel-









present	 in	measures	 that	 index	the	sensory/response	component	of	
imagery	tasks13	 rather	than	specific	 imagery	 (e.g.	spatial	ability)	pro-
cessing	 biases.	 Therefore,	 discrepancies	 between	 studies	 may	 be	
explained	by	differences	in	sensory-	motor	retardation	symptoms	be-
tween	the	samples.
Overall,	 our	 study	 indicates	 that	 mental	 imagery	 characteris-
tics	 representing	features	of	greater	emotionality	and	 intensity	 (e.g.,	
greater	 intrusive	 imagery	 impact,	 vividness	 of	 negative	 images,	 and	
sense	of	realness	of	images)	may	represent	a	marker	for	general	emo-
tional	 psychopathology,	 and	 general	 functioning.	 This	 supports	 our	
idea	that	“bringing	back	the	mind’s	eye”	to	psychiatric	assessments17 
could	help	 identify	clinical	severity.	Most	 importantly	 it	can	help	cli-




patients	who	may	 struggle	 to	 communicate	 their	 subjective	 experi-
ences	via	traditional	verbal	thoughts.	The	transdiagnostic	relevance	of	
mental	 imagery	also	highlights	potential	 avenues	 for	new	 treatment	
interventions:	 e.g.	 if	 depression	 scores	 relate	 to	 how	 likely	 positive	
future	images	feel,	reverting	positive	imagery	biases	may	be	a	useful	
target	to	improve	mood.36,51,56


















represents	a	 therapeutic	challenge,	 treatment	 innovation	should	ex-
plore	the	potential	for	using	imagery-	focused	interventions	for	emo-
tional	instability.18
5  | LIMITATIONS AND CONCLUSIONS




results	 from	the	MII,	 it	should	also	be	noted	that	 these	were	based	
on	retrospective	accounts	of	times	of	intense	affect	and	could	have	
been	subject	to	recall/memory	biases.	Future	qualitative	studies	are	
needed	 to	 analyze	 in	 detail	 potential	 differences	 in	 the	 image	 con-
tents	 exemplified	 in	Table	5.	Our	 data	 suggest	 that	mental	 imagery	
abnormalities	 are	 typical	 of	 acute	 clinical	 states	 of	 anxiety	 and	 de-
pression,	but	are	also	associated	with	traits	of	BD	phenotype	and	af-
fective	 lability.	 Future	 studies	 should	 include	 individuals	 recovered	
from	unipolar	depression	and	anxiety	disorders	to	clarify	if	emotional	
mental	 imagery	abnormalities	also	persist	beyond	acute	depression/




abnormalities	 and	 anxiety/depression,	 although	 this	may	 be	 a	 chal-
lenge	given	the	high	co-	occurrence	of	these	symptoms	in	emotional	
disorders.	Nevertheless,	 the	regression	analyses	across	all	groups	 in	
our	 sample	 suggest	 a	 greater	 impact	 of	 anxiety	 on	mental	 imagery	
characteristics.	Finally,	 longitudinal	 rather	than	cross-	sectional	stud-
ies	should	further	investigate	stability	and	change	of	mental	imagery	
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